Hemoglobin consists of four globin subunits. During fetal development, synthesis of the hemoglobin subunit switches from the fetal type to the adult type. In mice, for instance, fetal hemoglobin consists of 2 a-subunits and 2 y-subunits, whereas adult hemoglobin consists of 2 a-subunits and 2 R-subunits. Yolk sac cells in the mouse fetus initiate their y-globin synthesis on the 8th gestation day, which will be replaced byy j3-globin synthesis in the liver by the 16th gestation day. This switching from y-to 13-globin in the mouse fetal life is comparable to that from y-to j3-globin in man. This sequential change of gene expression of globin subunits during embryogenesis must be one of the most exciting events in the eukaryotic gene regulation.
In order to investigate this switching mechanism from, y-to j3-globin subunits, the molecular cloning of the j9-and y-globin genes is necessary not only for the structural comparison of both genes but also for the analysis of the regulatory mechanism of the expression of these genes.
Leder, P, and his colleagues6>,7) already obtained 2 genomic clones containing a-subunits genes and one containing a-subunit gene. Cloning of the fetal y-globin subunit genes has not been successful yet. Accordingly, we attempted to clone y-globin genes using DNA complementary to y-globin m-RNA from the yolk sac cells. This paper communicates briefly our successful results.
Yolk sac cells were collected from embryos of BDF-1 mice on the 12th gestation day, when the synthesis of y-chain globin is highest during the fetal development.
After phenol extraction of the total cytoplasmic RNA from these cells, poly (A) containing RNA was separated by poly (U) sepharose column chromatography, and then 9S RNA was obtained by sucrose density gradient centrifugation.
The proportion of y-chain globin mRNA in this 9S poly (A) -mRNA was estimated as about 30% by in vitro translation in the mRNA-dependent rabbit reticulocyte lysate, and by the mRNA-cDNA hybridization using adult globin mRNA (a + j3) prepared from mouse reticulocytes (Soma, G.-I., Obinata, M., and Ikawa, Y., manuscript in preparation). This 9S-poly (A) -mRNA was used for the further experiment in molecular cloning with the pBR322 plasmid vector.
The preparation of the double stranded cDNA was done by the procedure essentially similar to that described by O'Mally, B, et al.3~
The single-stranded cDNA to the above described 9S-poly (A) -mRNA was prepared by AMY reverse transcriptase.
The chain length of this single stranded cDNA was shown as a broad peak in an alkaline sucrose density gradient, and the longest cDNA was close to the full length of the template.
After alkali-denaturation of the template RNA, the single-stranded cDNA was further transcribed to the double-strand DNA with AMY reverse transcriptase.
The double-strand nature of this cDNA was confirmed by its resistancy to S1-nuclease as shown in Fig. 1 . Finally approximately 65% of S1-nuclease resistancy was obtained. This DNA was further treated with S1-nuclease for the cleavage of the loop connecting the two strand, and for the complete digestion of the contaminating single-stranded DNA portion. This open form of the double-stranded DNA was then tailed with poly (dC) by terminal deoxynucleotidyl transferase (Bethesda Research Lab., Lot No. 465). The chain length of the poly (dC) tails was estimated as 20-30 nucleotides from their specific radioactivity.
The vector plasmid pBR3221> DNA, circular and possessing two antibioticsresistant markers (for ampicillin and tetracycline), was cut by a restriction endonuclease Pst-1, which cleaved a site within the ampicillin resistant locus. The open ds-pBR322 DNA was then tailed with poly (dG) by terminal deoxynucleotidyl transferase.
Both tailed ds-cDNA molecules and tailed pBR322 DNA molecules were annealed at 50°C for 2 hrs, and this circularized hybrid molecules were then transfected into E, coli x17762 after CaC12 treatment (Fig. 2) . The combination of pBR322 and x1776 has been approved as the biological containment of B2 or EK2. The Recombinant DNA experiments were carried out in the P2 facilities in University of Tokyo, and Cancer Institute. The colonies containing the hybrid plasmid molecules were selected first in the tetracycline (10 pg/ml) -containing agar plates. The colonies obtained after 4 day culture at 37°C were then transferred to two glid-mesh nitrocellulose filters, one grown with the tetracycline-containing agar plate, and the other, with ampicillin (15 pg/ml) -containing plate. Those colonies which had grown only on the tetracycline-containing plate were selected. The nitrocellulose filters containing such colonies were alkali-denatured, neutralized, and fixed. The filters were hybridized with 32P-labelled cDNA prepared for 9S-poly (A) -mRNA from yolk sac cells, and autoradiographed. An example is shown in Fig. 3 .
The colonies, not grown in ampicillin-containing plates but grown in tetracycline-containing plate, and showing the positive hybridization, were thus selected as the candidate colonies containing the y- Those positive colonies were grown in 10 ml of liquid cultures, and the cloned recombinant plasmid DNA was extracted after amplification by chloramphenicol addition (100 pg/ml).
Then DNA was electrophoresed in 1.2 agarose gel. Ethidium bromide staining of the DNA bands on the gel showed that the plasmid DNA's from the hybridization-positive colonies had a slightly higher molecular weight than the marker, parental pBR322 DNA (data not shown).
After alkali-denaturation of the agarose gels, the DNA bands were transferred to the nitrocellulose filters, and hybridized with 32P-labelled cDNA probes according to the Southern's blotting technique.5) The Figure 4 shows the hybridization patterns of the DNA's from the 8 candidate colonies either with 32P-labelled cDNA for the yolk sac cell 9S-poly (A) mRNA (a-, R-, and y-chain mRNA) (upper), or 32P-labelled cDNA for adult reticulocyte globin mRNA (a-, and j9-chain mRNA) (lower).
Since the cross homology between ~-and y-chain mRNA was not observed (Soma, G.-I., Obinata, M., and Ikawa, Y., unpublished observation), the cloned recombinant plasmid DNA's which are hybridizable with yolk sac cell cDNA, but not with adult globin mRNA, might be the more possible candidate clones containing y-chain gene sequences. In the latter experiment, cDNA clones of a-and R-globin genes in pCR-1 plasmids4~ were used as the standards of those genes as shown in Fig. 4 . The evidence that one of these recombinant plasmid DNA's contain y-chain globin gene(s) was obtained by its specific inhibition of in vitro translation of y-globin mRNA among yolk sac cell globin mRNAs. Translation of yolk sac 9S-poly (A) RNA was carried out in the mRNA-dependent rabbit reticulocyte lysate with or without addition of the recombinant plasmid DNA, 8-4 in Fig. 4 . The translation products were analyzed on 12% polyacrylamide gel electrophoresis containing urea, acetic acid, and triton X-100. As shown in Fig. 5 , the band of y-chain globin subunit was missing in the translation products when the mRNAs were hybridized with the recombinant DNA (Fig. 5b) . After heat-denaturation of the mRNA-DNA hybrid, y-globin mRNA became translatable (Fig. 5c ). These results indicate that this recombinant plasmid DNA contains y-chain globin gene sequences. This recombinant plasmid (shown as 8-4 in Fig. 4) is currently designated as pMGy-1.
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